INTRODUCTION
Widespread prostate-specific antigen (PSA)-based screening for prostate cancer in the United States led to concerns about the overdiagnosis and overtreatment of a disease with a long natural history. 1 The US Preventive Services Task Force concluded that harms likely outweigh benefits and issued a grade D recommendation to discourage the use of PSA-based screening for prostate cancer 2 ; others have recommended shared decision making for men most likely to benefit. 3, 4 If treatment follows diagnosis for most men, as is the case in the United States, overtreatment rates will be high. 5 Although underused in the United States, active surveillance (AS) is one approach to address the overtreatment of prostate cancer. 6 Recent evidence suggests growing acceptance of AS as a means of reducing overtreatment of risk-based screeningdetected prostate cancers. 7 Furthermore, diseasespecific survival rates of AS have been reported to be consistent with those associated with immediate curative treatment, 8 which may lead to improved
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© 2015 by American Society of Clinical Oncology acceptance of this approach. The National Institutes of Health identified evaluation of short-and long-term outcomes of men receiving AS as a top research priority. 9 Therefore, we report on the follow-up of a cohort of men receiving AS that used a clearly defined protocol for enrollment, monitoring, and intervention since 1995.
METHODS

Prospectively Defined Study Design
Beginning in January 1995, AS was offered as a management strategy to men with very low-risk (VLR) prostate cancer, as described by Epstein et al 10 and endorsed by the National Comprehensive Cancer Network. 11 VLR criteria include clinical stage T1c disease, PSA density (PSAD) less than 0.15 ng/mL, biopsy Gleason score Յ 6, two or fewer positive biopsy cores, and a maximum of 50% involvement of any biopsy core with cancer. We have not used a PSA cut point of 10 ng/mL to exclude men from the VLR category if the PSAD criterion was met, because no clinically meaningful PSA threshold could be identified to predict biopsy reclassification.
12 Because of patient preference, older men with low-risk (LR) disease (ie, clinical stage Յ T2a, PSA Ͻ 10 ng/mL, and Gleason score Յ 6) were also enrolled in this program. Our surveillance protocol included semiannual PSA measurement for PSA decrease/increase and digital rectal examination as well as an annual 12-to 14-core biopsy for most men. Curative intervention was recommended for disease reclassification, defined as biopsy findings no longer meeting the inclusion criteria. This study was approved by the institutional review board at the Johns Hopkins medical institutions.
Study Cohort
Since inception in 1995 through analysis in June 2014, 1,298 men with favorable-risk (ie, VLR and LR) prostate cancer were enrolled onto AS. Most patients were white (88.4%), 7.4% were African American, and 4.2% were of other ethnic backgrounds. Enrollment occurred at a median age of 66 years (range, 41 to 92 years). In total, 926 men (71%) met all criteria for VLR cancer, whereas 372 (29%) met criteria for LR cancer. Of men with LR disease, 188 (50.5%, 14.5% of the total) did not meet VLR criteria because of a PSAD greater than 0.15 ng/mL, whereas 184 (49.5%, 14.2% of the total) did not meet at least one VLR biopsy criterion. No patient had a biopsy Gleason score of 7 or greater.
Median follow-up time was 4.0 years (range, 0.01 to 18.0 years) for patients who remained at risk and 5.0 years (range, 0.01 to 18.0 years) for all patients from enrollment to the most recent follow-up time. A total of 650 men underwent at least 5 years of follow-up, and 184 men received at least 10 years of follow-up. The median interval between surveillance biopsies was 1.0 year (range, 0 to 11 years; Table 1 ). As of June 2014, 642 men (50%) were active in the program, 470 (36%) underwent curative intervention, and 186 (14%) were undecided about treatment modality, withdrew, were lost to follow-up, or died. Forty-seven died as a result of causes other than prostate cancer, and two died as a result of prostate cancer (Fig 1) .
Statistical Analysis
Our primary outcomes of interest were overall, cancer-specific, and metastasis-free survivals. Secondary outcomes were the rates of biopsy reclassification and curative intervention; biochemical recurrence (BCR) was assessed in those who underwent treatment. Incidence rates were calculated and expressed per 100 person-years. We evaluated both primary and secondary outcomes by using the Kaplan-Meier (KM) time-to-event approach and a cumulative-incidence, competing-risks approach. Both methods yielded similar results for the primary outcomes of interest, but the KM approach caused overestimation of risk (underestimation of survival time) for the secondary outcomes, as previously reported. 13 Therefore, we used the cumulativeincidence, competing-risks approach to evaluate secondary outcomes and included as competing risks elective treatment in the absence of reclassification, volume reclassification, and death as a result of causes other than prostate cancer. The cumulative incidence of biopsy reclassification, grade reclassification to Gleason score 3 ϩ 4 and 4 ϩ 3 or greater, curative intervention, and BCR were calculated from the date of diagnosis. A competing-risk model was used to evaluate predictors of grade reclassification and curative intervention. The clinical and pathologic variables that were statistically significantly associated with these outcomes on univariable analysis (P Ͻ .05) were entered into a multivariable model. To prevent overfitting, variables were assessed for correlation and multicollinearity. Active patients and those lost to follow-up were censored at the time of their last visits. Date and cause of mortality were obtained from the National Death Index. 14 BCR, or biochemical failure, was defined as a PSA level greater than 0.2 ng/mL in men who underwent surgery for treatment of prostate cancer, and a PSA level greater than or equal to 2.0 ng/mL higher than the nadir in men who underwent radiation therapy. Freedom from BCR was compared in men who underwent surgery versus radiation by using the log-rank test in patients who had at least 1 year of follow-up after treatment. Statistical significance was set at P Ͻ .05, and analyses were performed by using SAS version 9.4 (SAS, Cary, NC) and STATA version 13.1 (StataCorp, College Station, TX).
RESULTS
Primary Outcomes: Mortality and Metastasis
Of the 1,298 men who received follow-up, 49 (4%) died (Fig 1,  Table 2 ). Thirty-eight men (3%) died as a result of causes other than prostate cancer before reclassification or treatment, and nine men (0.7%) died as a result of causes other than prostate cancer after being treated for prostate cancer. Death occurred at a median age of 75.5 years (range, 59.2 to 90.6 years), and the most common overall cause of death was cardiovascular disease. The 47 men who died as a result of causes other than prostate cancer were receiving AS for a median of 7.0 years (range, 1.0 to 18.0 years) before their deaths.
Two deaths (0.15%) were a result of prostate cancer; both occurred in men who had a diagnosis of VLR disease (Table 2) . One patient died 16 years after enrollment, with a cancer clonally distinct from his original cancer, 15 and the other died within 15 months of diagnosis, with follow-up elsewhere after he received a recommendation of surveillance in a consultation at Johns Hopkins. Although the patient who received this recommendation did not receive follow-up in our program, the event was included because he would have been enrolled had he chosen to be monitored at Johns Hopkins. The cumulative hazard ratio (HR) of nonprostate cancer-to-prostate cancer mortality or metastases was 24:1 (Fig 2) . Two lymph node metastases and one distant metastasis occurred in three men, which led to a total of five men (0.40%) who experienced metastasis or death as a result of prostate cancer ( Table 2 ). The overall, cancer-specific, and metastasisfree survival rates were 93%, 99.9%, and 99.4%, respectively, at 10 years and 69%, 99.9%, and 99.4%, respectively, at 15 years.
Secondary Outcomes: Reclassification and Curative Intervention
In 467 men (36%), disease was reclassified during biopsy at a median of 2.0 years (range, 0.3 to 16.0 years) after enrollment; 233 involved grade reclassification, and 234 involved volume reclassification ( Table 2, Fig 1) . At 5, 10, and 15 years after the start of surveillance, the cumulative incidence of any biopsy reclassification was 35%, 49%, and 56%, respectively, and the cumulative incidence of grade reclassification was 17%, 26%, and 31%, respectively (Fig 3) . Because cancer grade is the most significant factor for the prediction of long-term cancer-specific survival, 16 we additionally evaluated grade reclassification in men with VLR and LR disease. For men with VLR cancer, respective cumulative incidences of grade reclassification at 5, 10, and 15 years were 13%, 21%, and 22%, respectively; reclassification rates to a Gleason score of 3 ϩ 4 at 5, 10, and 15 years were 6%, 10%, and 11%, respectively; and reclassification rates to a Gleason score of 4 ϩ 3 or greater at 5, 10, and 15 years were 3%, 5%, and 5%, respectively (Fig 4) . For men with LR prostate cancer, the respective cumulative incidences of any grade reclassification at 5, 10, and 15 years were 19%, 28%, and 31%; reclassification rates to a Gleason score of 3 ϩ 4 at 5, 10, and 15 years were 8%, 12%, and 14%, respectively, and reclassification rates to a Gleason score of 4 ϩ 3 at 5, 10, and 15 years were 3%, 5%, and 5.9%, respectively (Fig 4) .
Treatment was recommended in the event of reclassification during biopsy. For those treated, intervention occurred at a median of 3.0 years (range, 0.75 to 16.0 years) after enrollment. One hundred nine men elected treatment in the absence of biopsy reclassification, whereas 361 men underwent treatment on the basis of biopsy reclassification (Fig 1) . The cumulative incidence of treatment at 5, 10, and 15 years after the start of surveillance was 37%, 50%, and 57%, respectively (Fig 3) . For the overall cohort, the median time during surveillance that was free of intervention was 8.5 years (range, 0.01 to 18.0 years).
In multivariable analysis, after adjustment for the year of diagnosis, diagnostic factors associated with grade reclassification were older age (HR, 1.03 for each additional year; 95% CI, 1.01 to 1.06), PSAD (HR, 1.21 per 0.1 unit increase; 95% CI, 1.12 to 1.46), and greater number of positive biopsy cores (HR, 1.47 for each additional positive core; 95% CI, 1.26 to 1.69). Factors associated with intervention were PSAD (HR, 1.38 per 0.1 unit increase; 95% CI, 1.22 to 1.56) and a greater number of positive biopsy cores (HR, 1.35 for one additional positive core; 95% CI, 1.19 to 1.53).
Biochemical Outcomes After Intervention
Of 471 men who underwent intervention during the study, 287 (61%) received at least 1 year of post-treatment follow-up for assessment of BCR: 138 (48%) underwent radical prostatectomy, and 149 (52%) underwent radiation therapy. Those who underwent surgery were significantly younger (median age, 63.0 v 67.5 years; P Ͻ .001) and were treated at a date closer to diagnosis (median interval to treatment, 2.2 v 2.5 years; P ϭ .02) than those who underwent radiation. The surgery and radiation groups were similar with respect to PSA levels, PSAD, number of positive biopsy cores, maximum percentage of core involvement with cancer, proportion reclassified by grade (ie, Gleason score Ն 7) before treatment, and median follow-up time (3.8 years). Of 287 treated patients with sufficient follow-up, 23 (8%) experienced BCR: 11 (8%) from the surgery group and 12 (8%) from the radiation group. KM analysis revealed that survival that was free of BCR was not significantly different on the basis of treatment modality (P ϭ .90).
DISCUSSION
Prostate cancer is a heterogeneous disease with risk that varies according to host and tumor characteristics that have not been fully elucidated. Incontrovertible evidence demonstrates that early detection and effective treatment are associated with reduced prostate cancer mortality for some men with unfavorable cancers 17, 18 and that the number of men in whom a diagnosis is needed to prevent a death as a result of prostate cancer is substantial.
17 Therefore, overtreatment of LR disease is common and problematic, especially among older men for whom treatment is not likely to improve health outcomes. 18 With concurrent goals of reducing overtreatment and identifying lethal tumors while curable, AS has evolved into a well-accepted management strategy for appropriately selected men.
In men with favorable-risk prostate cancer, we found that the risk of prostate cancer progression to a lethal phenotype is low for a decade after diagnosis. Although five men (0.4%) died as a result of prostate cancer or developed metastatic disease during follow-up, this should be tempered by the exclusion of men from AS and recommended curative intervention on the basis of criteria that overestimate the risk of harm without treatment (ie, biopsy findings). In addition to restricting enrollment to those patients with the lowest-risk classifications, our surveillance protocol has stressed annual biopsy procedures for most men to ensure that higher-grade cancers are not missed during follow-up. Although prostate biopsy is itself associated with morbidity, advances in magnetic resonance imaging and molecular techniques will hopefully render frequent biopsy procedures unnecessary in the near future. Indeed, our criteria for inclusion, monitoring, and intervention may be overly conservative, and relaxation of these criteria could achieve similar outcomes.
Our study was conceived when resistance to monitoring men with a diagnosis of prostate cancer, regardless of grade, was substantial. Therefore, our intents were to demonstrate the safety of this approach for carefully selected men and to identify markers of a lethal phenotype that might lead to wider inclusion in AS. The expansion of AS during the past decade and the sharing of institutional data sets will likely help delineate factors associated with varying outcomes 19,20 and will allow patients to play a greater role in selecting the strategy that best suits their individual preferences.
Our results with respect to cancer-specific mortality and development of metastatic disease would be comparable to those of men who have cancers with Gleason scores of 6 at the time of radical prostatectomy, in whom the 15-and 20-year probability of prostate cancer death was 0.2% at ages 60 to 69 years. 16 Our intermediate outcomes of freedom from biopsy reclassification and treatment-free survival were generally consistent with those of Welty et al, 21 who reported freedom from biopsy reclassification and treatment-free survival rates of 40% and 60%, respectively, at 5 years. Consistent with others, we found no differences in the rates of BCR when we compared men who underwent surgery and radiation after a period of surveillance. 8 Biopsy grade reclassification is the most common trigger for curative intervention among men who receive surveillance. PSAD and the number of positive biopsy cores at diagnosis-both indicators of cancer volume-and older age were associated with grade reclassification, whereas PSAD and the number of positive biopsy cores were associated with curative intervention. One unique aspect of our report isthecompeting-risks analysis of grade reclassification in a large cohort of patients who underwent intensive surveillance biopsy procedures during follow-up. Our analysis revealed that biopsy reclassification to a prognostic grade group of 3 or higher (ie, Gleason score 4 ϩ 3 or greater), 22 which is associated with cancer-specific death, 16 was 5% to 6% at 15 years for men with VLR or LR disease. This finding may explain the rarity of metastatic disease or prostate cancer death in our cohort.
Other investigators have reported favorable intermediate outcomes in men who receive AS. 6 One other prospective AS study had comparable long-term follow-up; at 10 years, 206 (21%) men remained at risk 8 compared with 184 (14%) men in the current study. By using less restrictive criteria for enrollment and a less-intensive monitoring protocol, Klotz et al 8 reported that 3% of 993 men with favorable-or intermediate-risk prostate cancer either died as a result of the disease or developed metastatic disease at a median follow-up of 6 years. At 10 and 15 years, overall survival rates were 80% and 62%, respectively, compared with 93% and 69%, respectively, in the current study. Fifteen years after enrollment, survival free of treatment was 55% in the cohort of Klotz et al 8 compared with 37% in the current study. Therefore, tradeoffs were observed in the attempt to balance overtreatment of prostate cancer with the small, but present, risk of underestimation of cancer lethality. In the PIVOT (Prostate Intervention Versus Observation) trial, 3% of men with favorable-risk disease who elected watchful waiting, compared with AS, died as a result of prostate cancer at a median follow-up of 10 years after diagnosis. 23 Given the similarity in cancer-specific outcomes between the watchful-waiting arm of PIVOT and the AS outcomes in the report of Klotz et al, 8, 23 one could conclude that, in the absence of curative intervention, outcomes may depend more on the selection of candidates for noncurative care than on the intensity of monitoring.
Given the current evidence, AS appears to be an underused approach in the management of favorable-risk prostate cancer. 5 Although evidence suggests that an increasing number of men are initially treated with AS, 7 the large variability in use of this approach depends more on the physician practice patterns than on characteristics of cancer. 24 Alignment of evidence and practice will require improved communication with patients about cancer risk and greater confidence on the part of physicians that a nonlethal phenotype is being monitored.
Although the strengths of this study include its prospective nature and strictly defined criteria for enrollment and monitoring, a number of limitations should be mentioned. First, given the long natural history of prostate cancer, follow-up in this single-arm study was incomplete. Therefore, although our reported rates at 15 years were based on small numbers of patients who remained at risk, it is important that our 10-year rates of metastasis-considered a valid end point-were low and had fairly narrow confidence intervals. Second, our population of primarily white men lacked ethnic diversity, and these results may not be applicable to other ethnicities. For example,AfricanAmericansmayhaveprostatecancerswithabiologythat is more aggressive than that observed in white men. 25 Third, we were restrictive in the recommendation of surveillance to individuals, and we included no men with a biopsy Gleason score of greater than 6. Therefore, we cannot comment on the safety of surveillance in these men or in those with more extensive low-grade disease who we excluded from surveillance.
In conclusion, our data suggest that, for men with favorable-risk prostate cancer, the paradigm of immediate intervention must be replaced by one of immediate contemplation-a thoughtful assessment of prognostic risk, life expectancy, and the relative risks and benefits of available management options considered in the context of personal preferences.
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GLOSSARY TERMS
active surveillance: approach to management of suspected or proven malignancy thought to pose a low risk of progression in the short to intermediate term. Tumors are observed closely with blood tests, imaging, and/or serial biopsy, and intervention is undertaken if or when evidence of tumor growth or progression is found.
biochemical failure: increase in prostate-specific antigen level after prostate cancer is treated but meets the criteria for progression. Examples are the American Society for Radiation Oncology definition, which is three consecutive increases after radiotherapy; the Phoenix definition, which is an increase of 2.0 ng/mL greater than the nadir after radiotherapy; or the American Urological Association definition, which is a level of 0.2 ng/mL and increasing after prostatectomy.
